Computer Automated Tomography has been shown to be a valuable tool in production research because it provides a non-destructive method to identify and evaluate the internal structural characteristics of reservoir rock. In CT scan, Hounsfield Unit (HU) is proportional to the degree of X-ray attenuation by the tissue. The aim of the present study was to introduce the method to estimate porosity which is one of physical parameters of reservoir rock though HU data. In this study, an Image J software was used to extract Hounsfield Unit data and calibrate by standard material's density. This method provides the ability of using CT Scanner in advanced reservoir characterization and flow test experiments.
Introduction
Computer Tomography (CT scanning) was originally developed for the medical With the powerful of this system, we decided to carry out CT scanning on 9 samples from variation wells at different basins in Vietnam such as Cuu Long basin, South Con Son basin, Song Hong basin to release the method to estimate porosity by Hounsfield units. The samples grouped as limestone, sandstone, fractured granite. These samples have Helium porosity ranges from 2.65% to 41.7%.
Theory and Calculation Process
As described in previous references, during the CAT scanning process the attenuation of an X-ray beam is measured as it passes through a sample material.
When a parallel monochromatic X-ray beam passes through a substance of uniform density and atomic number, it is attenuated in an exponential manner such that: Figure 1 illustrates the CT scanning process.
The linear attenuation coefficient µ is defined as the fractional decrease in X-ray intensity per unit length of that material and is a function of the atomic number and bulk density of the material and the energy of the probing X-rays.
Generally, the linear attenuation coefficient is normalized to that of a standard material (such as water or air) that means each material is assigned by a unchanged number that help to calculate another material number and is defined as the Hounsfield Units (HU) or CT number of the material: The image processing steps were completed for this research using the Image J image analysis software, developed by the National Institutes of Health. These steps are described in detail in the following.
Selecting the region of interest removes much of "noise" and reduces "error"
(isolated high intensity pixels) of digital image during CT scanning ( Figure 3) [6] [7] . Calibrating density is one of the most steps to create the accuracy of this method. In this part, we have to know two of material's density value which is a standard value to calibrate for all pixels in image. With each standard density,
we have a correspondent Hounsfield Unit value. So that we make a trend line
between HU values and density values which help to adjust the rest of pixels.
After that, we carry out HU extraction by using Image menu in the software to get HU values for each cell that intent to the table in Figure 4 . Also we extract the histogram of ROI which let us know the max, min, mean values and total cells in our table ( Figure 5 ).
With the result 
Results
In this research, we collect samples from wells located in Cuu Long basin, Song
Hong basin, South Con Son basin and Song Hong Basin to do scan. These basins are main basins in Vietnam and located from North to South of country. The total samples we did are 9 samples where in 5 whole core samples (diameter = 4.0 inches) and 4 conventional core plugs (diameter = 1.5 inch). They were named from FD1 to FD9. The givens data was showed in Table 3 [10].
Each sample was cut to 10 slices and calculated porosity by follow flow chart's step which describe above ( Figure 6 ).
The result of each sample was showed in Table 4 .
During calculate porosity of 9 samples by CT Scan, we also measure porosity of these samples by CMS −300 system which follow Helium injection method to verify the results from CT scanning. Finally, we have a summary table (Table 5 ).
Conclusion
The porosity of samples by CT Scan are quite similar with Helium porosity (connective porosity), some minority errors here should be caused by rock type especially isolate porosity in Carbonate rock (FD6).
The goal of this study was to develop non-destructive rock testing procedures using X-ray CT scanning techniques. Traditional rock testing techniques are destructive in nature and may alter the same properties they are designed to measure. Non-destructive tests provide the benefit of not altering the rock structure, so the properties of the unaltered void space may be determined without the risk of introducing systematic errors resulting from rock structure changes during the measurement process. The objective of this research was also to develop image processing techniques to determine rock properties using CT scan images. The porosity results by this technique were compared with results from conventional laboratory. The accuracy of the results is proportional with quantity of slices taken for averaging, especially on heterogeneous samples. Finally, this method can be widely applied in petroleum industry.
